Purpose: New tracking navigation imaging software was used to evaluate the usefulness of three dimensional (3D) CT angiography for transcatheter arterial chemoembolization (TACE) in patients with hepatocellular carcinoma (HCC). Materials and Methods: Fifty-two patients with 73 HCCs were enrolled in this study retrospectively. Rotational angiography was performed from the hepatic artery for evaluation of the tumor feeding vessels. Arteries feeding the tumor were traced automatically by adjusting the region of interest around the targeted tumor on axial and coronal images using tracking navigation imaging with 3D cone-beam CT angiography. Results: Using final selective angiographic findings as the gold standard, the detection of feeding vessels was 90.4% (66/73) for tracking navigation imaging and 50.7% (37/73) for celiac trunk angiography. This difference was statistically significant (Wilcoxon rank sum test, p < 0.001). The sensitivity, specificity, positive predictive value, and negative predictive value for the detection of feeding arteries were 97.1% (66/68), 80.0% (4/5), 98.5% (66/67), and 66.7% (4/6), respectively. The kappa coefficient had a value of 0.638 (95% CI: 0.471-0.805), which is considered to indicate a good degree of agreement. With the as- 
Introduction
Transcatheter arterial chemoembolization (TACE) is used widely in the treatment of hepatocellular carcinomas (HCC) that are not amenable to surgical resection or to percutaneous ablation therapies [1] [2] [3] [4] [5] [6] [7] [8] . Usually, visualization of the liver arterial branch during TACE is guided by two-dimensional (2D) angiography [9] [10] [11] . Detailed information of the feeding vessels of HCC is essential for successful catheterization and sufficient TACE [7, 12] . However, it is sometimes difficult to identify some arteries feeding HCCs on 2D angiographic images because of overlapping vessels. CT during hepatic arteriography is very useful for detecting hypervascular HCC and identifying the feeding vessels [13] [14] [15] . The unified angiography/CT system allows angiography and CT to be conducted with the patient on the same bed, thus minimizing the risk of catheter dislodgment [16, 17] . However, such systems are only found in a limited number of hospitals because they are rather expensive and take up a great deal of space. In many hospitals, patients must be transferred from the angiography room to a separate CT room for CT hepatic angiography.
Recently, three-dimensional (3D) cone-beam CT technology using a flat-panel detector has provided good 3D angiography and cross-sectional soft tissue imaging as party of an angiography system [18] . Cone-beam CT is a technique that permits assessment of the complex vascular anatomy of the liver [19] [20] [21] [22] , and, compared with a unified angiography/CT system, cone-beam CT is inexpensive and does not require a great deal of space. Several studies have shown that cone-beam CT angiography can be helpful during TACE, especially in patients with complex hepatic arterial anatomy [23] [24] [25] . In addition, recent software developments have enabled automatic identification of the feeding vessels on 3D angiography. The TACE procedure can be carried out with less chance of going astray in patients with complicated vessels of the liver by virtually color-coding the feeding vessels. The purpose of this study was to evaluate the usefulness of new tracking navigation imaging software for cone-beam CT angiography in patients with HCC undergoing treatment with TACE.
Materials and Methods

Patients
Approval for this retrospective study was obtained from the local ethical review board. Between May 2011 and April 2012, 52 patients with 73 HCCs were enrolled in this retrospective study. The patient population included 34 men and 18 women (age range, 54-90 years; mean ± SD, 73.9 ± 7.9 years). The maximal diameter of the tumors ranged from 1.5 to 10 cm (mean ± SD, 2.6 ± 1.4 cm) on dynamic CT. Thirty-six patients had liver cirrhosis of Child-Pugh class A and the remaining 16 had Child-Pugh class B cirrhosis.
All patients met the following inclusion criteria: multiple hypervascular HCCs or HCCs larger than 3 cm in diameter, some overlapping arteries to the tumor depicted on celiac angiography, absence of portal venous and extrahepatic metastasis, prothrombin time-international normalized ratio less than 1.7, total bilirubin less than 3.0 mg/dl, and platelet count greater than 50,000/μl. We diagnosed HCC based on the findings of three-phase contrast-enhanced CT. HCCs were positively enhanced in the arterial phase and washed out in the portal-venous and/or equilibrium phase of contrast-enhanced CT. All patients underwent contrast-enhanced CT 1 month before TACE.
Cone-Beam CT and Tracking Navigation Imaging
C-arm cone-beam CT angiography was performed using an Innova 4100 IQ pro angiographic unit (GE Healthcare, Amersham, UK). Patients did not need to elevate their arms above their heads for the rotation. After breathing was suspended, there was a 5-s delay for contrast filling of the vessels and tumors prior to C-arm rotation. Contrast medium (Omnipaque 300 mg/ml; GE Healthcare) was injected at a flow rate of 1.5-2.0 ml/s through a microcatheter in the common hepatic artery, the proper hepatic artery, or the replaced hepatic artery. The total volume of contrast used for the rotation was 15-20 ml. Cone-beam CT images were acquired using the following parameters: total scanning angle, 200°; rotation speed, 20° or 40°/s; acquisition time, 5 or 10 s; matrix size, 1500 ×1500; isotropic voxel size, 0.2 mm; and effective fieldof-view, 18 cm 2 . During rotation, 300 images were obtained at a frame rate of 30 frames/s. Acquired images were then transferred to an external workstation (Advantage Workstation 4.2; GE Healthcare) where a volume data set was reconstructed in a CT-type data set consisting of many sections with the thickness of the voxel size and visualized with a volume-rendering technique. The reconstructed 3D field of view was 40 × 40 cm and the image matrix size was 512 × 512 × 512 voxels.
The tracking navigation software is an advanced vascular 3D clinical analysis tool using data from cone-beam CT angiography [26] . In the first step, we set the cross at the tip of the microcatheter on axial and coronal images. In the second step, a spherical region of interest (ROI) was adjusted around the targeted tumor on axial and coronal images. The three-dimensional positions of the starting point and the target were thereby fixed. The 3D navigation software could then automatically depict all vessels in the vicinity of the target as being feeding arteries (figs. 1,2). The vicinity was automatically determined by geometric considerations and could be displayed on the angiography room monitor in approximately 20 s after the cone-beam CT angiography procedure. This tracking navigation imaging was able to highlight all vessels (from the tip of the microcatheter to the tumor) that appeared to feed the tumor by coming into close geometric proximity with the ROI. The total time required to create the tracking navigation images per patient study was approximately 30 s. Moreover, virtual "3D roadmap" imaging can superimpose the live fluoroscopic images with the 3D reconstruction. This 3D roadmap is automatically adjusted in real time for all changes in C-arm angulations, field of view, and table positions.
The TACE Technique
The right femoral artery was accessed with an 18-gauge Seldinger needle and a 4-Fr sheath was inserted. The celiac artery was selectively catheterized using a 4.2-Fr catheter. A 2.2-Fr microcatheter (Shirabe; Piolax, Yokohama, Japan) was advanced coaxially through the catheter into the common or proper hepatic artery. Rotational angiography was performed to evaluate the feeding vessels and to reveal hypervascular tumors in the liver. The tip of the catheter was selectively placed into the segmental and subsegmental arteries feeding the tumor in reference to selective hepatic angiography and/or the tracking navigation imaging findings. Chemoembolization was performed using 10-30 mg of epirubicin (Epirubicin; Nippon Kayaku, Tokyo, Japan) dissolved in 1-3 ml of distilled water and emulsified with 2 ml of iodized oil (Lipiodol Ultra-Fluid; Guerbet, Paris, France) and gelatin sponge particles (Gelpart; Nippon Kayaku). The volume of the emulsion to be injected was determined by the tumor volume (maximal volume of emulsion, 8 ml).
Imaging Data Evaluation and Follow-Up
The cone-beam CT scans and the tracking navigation images were prospectively recorded and retrospectively evaluated. The primary objective of this study was, using final selective angiographic findings as the gold standard, to evaluate the diagnostic performance of the tracking navigation imaging system using 3D rotational common/proper hepatic arteriography compared with 2D celiac angiography for identifying the tumor feeding arteries. Overall, interpretation of celiac angiography, cone-beam CT, the tracking navigation imaging, and selective hepatic angiography was performed in a nonblinded manner.
The secondary objective was the TACE treatment response. The treatment response was assessed 1 or 2 months after TACE using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) guideline proposed by the American Association for the Study of Liver Diseases-Journal of the National Cancer Institute [27] . If the follow-up CT images indicated successful TACE and the absence of new tumors, three-phase dynamic CT scans were repeated at 3-month intervals. Any complications were recorded.
Statistical Analysis
Data are expressed as mean ± SD. Significant differences were calculated using the Wilcoxon rank sum test in detection of the feeding vessels between the tracking navigation imaging group and the celiac angiography group. A p value of less than 0.05 was considered statistically significant. The agreement of the tracking navigation imaging versus the results of selective angiography was measured using the kappa coefficient. Data were analyzed using statistical software (SPSS 11.5, Statistical Package for the Social Sciences, Chicago, IL, USA). The 95% confidence intervals were calculated according to the binomial distribution. A kappa statistic of 0.41-0.60 was considered to indicate moderate agreement, a weighted kappa statistic of 0.61-0.80 was considered to indicate good agreement, and a weighted kappa statistic of 0.81-1.00 was considered to indicate excellent agreement [28] . 
Results
Two hundred ninety-four patients were treated by TACE or transcatheter arterial infusion chemotherapy at our hospital between May 2011 and April 2012. HCC patients who received TACE using the tracking navigation imaging system accounted for 17.7% (n = 52) of the total patients treated with therapeutic angiography. Among the 73 HCC nodules in these 52 patients, 62 tumors (84.9%) were diagnosed as naive HCCs, 8 tumors (11.0%) as local recurrences around the lipiodol deposit, and 3 tumors (4.1%) as residual HCCs without accumulation of lipiodol. Transfemoral TACE was carried out in 52 TACE sessions and was performed for 35 subsegmental arteries and 17 segmental arteries. Complete devascularization of postembolization angiography was achieved in all 52 (100%) procedures.
The detection of feeding vessels was 90.4% (66/73) for tracking navigation imaging and 50.7% (37/73) for celiac trunk angiography. This difference was statistically significant (Wilcoxon rank sum test, p < 0.001). Tracking navigation imaging could not depict the feeding vessels in HCC patients with weak enhancement of tumor stain (voxel value from cone-beam CT: median 16.51; range: −59.64 to 120.76). However, celiac trunk angiography failed to confirm the feeding vessels not only because of weak enhancement of HCC, but also because of crossing and overlapping arteries of the liver. Using final selective angiographic findings as the gold standard, the sensitivity, specificity, positive predictive value, and negative predictive value for the detection of feeding arteries were 97.1% (66/68), 80.0% (4/5), 98.5% (66/67), and 66.7% (4/6), respectively (table 1). The kappa coefficient had a value of 0.638 (95% CI: 0.471-0.805).
According to mRECIST, 17 of 52 (32.7%) individuals had a complete response, 8 (15.4%) had a partial response, 10 (19.2%) had stable disease, and 17 (32.7%) had progressive disease. Thus, the disease control rate, defined as a complete response, partial response, or stable disease, was 67.3%. Development of new lesions was the sole reason for progression in all patients with progressive disease. The follow-up period ranged from 1 to 11 months (mean ± SD, 6.1 ± 4.2 months). During follow-up, 10 patients (19.2%) remained cancer-free after TACE, 31 patients (59.6%) received or were scheduled for additional TACE, 3 patients (5.8%) received sorafenib, 3 patients (5.8%) received radiofrequency ablation, and 5 patients (9.6%) received best supportive care. No serious side effects or procedure-related complications (e.g., hemorrhage, infection, hepatic failure, or death) occurred. 
Discussion
Among the many techniques for 3D image manipulation, maximum intensity projection (MIP) and volume rendering are widely used for 3D vascular imaging [13] [14] [15] [16] [17] . MIP is a specific type of rendering in which the brightest voxel is projected into the 3D image. Unlike MIP, which displays only a small fraction of the available data, volume rendering can display a volume of data in its entirety. This property allows volume-rendered CT angiograms to provide vessel "depth," to display multiple overlapping vessels much more clearly, and to exclude surrounding structures [29] [30] [31] . Recently, the medical imaging community has embraced volume rendering for a wide variety of 3D imaging applications including navigation imaging based on cone-beam CT.
The new 3D navigation imaging software successfully traced feeding arteries in the vicinity of the target. In this study, 3D navigation imaging was found to be significantly better for accurate detection of feeding arteries than 2D celiac angiography was (p < 0.001). A good degree of agreement was achieved between 3D navigation imaging and the final angiographic findings (kappa = 0.638). Our results indicate that this tracking navigation imaging system could contribute to selection of the feeding arteries and could assist with therapeutic angiography for unresectable HCC, especially in patients with complicated feeding anatomies.
In the 52 patients who underwent TACE using the tracking navigation imaging system, the disease control rate by TACE was 67.3%, according to selective angiography. During followup (mean, 6.1 months; range, 1-11 months), 19.2% remained recurrence-free in this study.
This new tracking navigation imaging system with cone-beam CT has three important features for clinical application as part of TACE. The first is speed. The tracking image can be displayed on the angiography room monitor approximately 30 s after completion of the cone-beam CT angiography procedure, and the operator can get feedback to advance the catheter. The second feature is high resolution: clear images of intrahepatic arterial branches can be obtained without patients having to raise their arms. The third feature is multifunctionality. Not only a 3D rotational view but also a 3D roadmap can help the operator position the catheter using less x-ray dye and in a shorter time. Modern vessel identification software that uses cone-beam CT data has been developed. Wang et al. reported that the 3D vessel tracking system has advantages over conventional 2D hepatic angiography in revealing the cystic artery (p < 0.001) [32] . Miyayama et al. found the usefulness of automatic feeder vessel detection software with a true-positive ratio with 88% in the identification of the tumor-feeding artery [33] . Iwazawa et al. also showed that the sensitivity in detecting tumor feeders was 87.7% [34] . They reported that the software improved the sensitivity of tumor feeder detection with a shorter processing time than manual assessment angiography.
In the present study, in four HCCs in four patients, neither this tracking imaging method nor selective angiography could display the feeding arteries; this shortcoming might be the result of poor enhancement of the feeding arteries and tumors. Excess feeding vessels were depicted in a HCC in one patient. This error might be the result of high sensitivity with rich enhancement of huge HCCs. In one patient, 3D tracking navigation imaging failed to detect the inferior phrenic artery feeding the HCC. Finally, selective angiography could correct false-positive detection of the feeders with the software. In studies of vessel identification software use, aberrant path formation during the software extraction process was found to be caused by crossed tumor feeders, feeder vessels with hairpin turns, artifacts, and arteroportal shunts, among other complicating factors.
It is anticipated that tracking navigation imaging software using cone-beam CT will reduce radiation exposure, shorten the overall procedure time, and cut the amount of contrast material used because the feedback that it provides will facilitate efficient angiographic procedures. However, to minimize radiation exposure, we should refrain from unnecessary an-giography or cone-beam CT examination. Radiation exposure ranges from 15 to 20 mSv for an abdominal angiogram, and the effective dose is 4-5 mSv for a cone-beam CT abdominal scan [35, 36] . The need for clinical imaging information must be balanced against the potential negative effects of radiation.
The principal limitation of this study was its retrospective design, which inherently decreased the statistical strength. The second was that this study could suffer from selection bias because the patients were enrolled according to the operators' subjective judgment. However, tracking navigation imaging could assist therapeutic angiography and contribute to the effectiveness of TACE for HCC despite the inclusion of patients with complicated feeding vessels. The third limitation was the preliminary nature of this study with a relatively small number of patients. Further studies of this technique with a larger number of patients are warranted.
In summary, tracking navigation imaging with 3D cone-beam CT angiography can provide immediate feedback on the angiographic procedure and could easily identify HCC tumor feeders. Thereafter, these feeders could be catheterized quickly with the patient receiving low contrast/radiation doses. This new 3D tracking navigation imaging software can inspire greater confidence and should be useful for TACE in HCC patients with complicated feeding arteries.
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